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und damit der  Grundra t e  des axoplasmat i schen  Flusses  
entspr icht l ,% Nach  2d ha t  das T e c t u m  zwar  noch eine 
h6here Akt iv i t l i t  als das pri i tectale Segment ,  was jedoch  
mi t  der  RNS-E igensyn the se  der  Zel lk6rperschicht  im 
T e c t u m  aus fiber das Blu t  herangeff ihr tem 3-H-Uridin  zu 
erkl/iren ist  (Figur  t). Aber  nach 4d  ist  das 3. Segment  
schon so s ta rk  mark i e r t  wie das Tectum,  und nach 8d 
herrscht  im opt ischen Sys tem ein gleichm~ssig abfal len-  
der  Grad ien t  de r  Aktivit~Lt: der  Fluss  mark ie r t e r  Sub-  
s tanzen ha t  das 3. Segment  erreicht .  Nach  16d ist  die Ak- 
tivit~it der  dis ta len Bereiche des Trac tus  opt icus  erhebl ich 
angestiegen.  Im  nicht  inj iz ier ten Trac tus  hingegen ble ib t  
die Akt iv i t i i t  aller 4 Segmente  gegeniiber  der des augen- 
nahen 1. Segments  des inj iz ier ten Trac tus  gle ichbleibend 
sehr  gering, was e indeut ig  auf  e inen in t raaxona len  Ftuss 
irn inj iz ier ten N e r v e n  hinweis t  und eine ex t raaxona le  Aus- 
brei tungsweise  ausschliesst .  

Auch  au torad iographisch  l~sst sich schon nach 12d in 
den opt ischen Faserschichten  des mi t  dem inj iz ier ten 
Auge zusammenh&ngenden (kontralateralen)  T e c t u m  op- 
t icum eine h6here Aktivit~it  nachweisen als in den fibrigen 
Schichten (Figur  2). Die se lekt ive  Markierung der  opt i -  
schen Schichten  im Tec tum,  die die t e rmina len  ]3ereiche 
der  opt i schen Axone  en tha l ten ,  gi l t  nach  in t raocularer  
Tracer -Appl ika t ion  als sicheres 1Kriterium des in t raaxona-  
len Flusses dieses TracersS. 
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Fig. 3. Darstellung der Radioaktivit~tsverteilung Trichloressigs~iure- 
(TCA) -1/Sslicher 3- H - Uridin-Verbindungen im Traetus options des in~. 
bzw. nieht inj. Systems yon Scardinius erythrophthalmus naeh ver- 
sehiedenen Incorporationszeiten. Die Markierung bleibt, wie die der 
RNS (vgl. hierzu Figur 1), auf das inj. System beschr~inkt, was einen 
intraaxonalen Transport niedermolekularer Uridin-Verbindungen an- 
zeigt. 

I m  Gegensatz  zu frfiheren ]3efunden 1% bei  denen ffir die 
E r m i t t l u n g  eines Stoff t ranspor tes  im opt ischen Sys t em 
der  Teleosteer  lediglich das T e c t u m  op t i cum und  n ich t  
auch das pr/ i tectale  Segment  mi t  dem ersten Segment  des 
Trac tus  opt icus  vergl ichen wurde, e rbrachten  die vorl ie-  
genden Untersuchungen,  dass sich neben den 3-H-Urid in-  
mark ie r t en  1RNS-Verbindungen auch TCA-16sliche, d.h. 
n iedermolekulare  3-H-Ur id in-Verb indungen  in t raaxona l  
ausbrei ten (Figur  3). A_hnlich wie im Fat le  der  Ausbre i tung  
der  hochmolekula ren  R N S  ble ib t  auch bei  den 16slichen 
3-H-Ur id in-Verb indungen  die Markierung wei tes tgehend 
auf das m i t  dem inj iz ier ten Auge in Verb indung  s tehende  
opt ische Sys tem beschrAnkt. Die Akt iv i t f i t  im nicht  inji- 
z ier ten T r a k t  entspr icht  der  des Cerebellums, was auf  eine 
Ausbre i tung  eines Teiles des Tracers  fiber die B l u t b a h n  
zuri ickzufi ihren ist. Ans dem Befund,  dass die Rad ioak t i -  
v i t i t t  der  TCA-I6slichen Verb indungen  im kont ra la te ra len  
T e c t u m  nach 12 h p.i. deu t l ich  fiber der des Cerebel lums 
sowie vor  a l lem des ipsi lateralen Tec tums  liegt, ist  eine 
Geschwindigkei t  der  in t raaxona len  Ausbre i tung  fiir die 
16slichen Ur id in-Verb indungen  yon e twa 30-50 m m / d  
abzulei ten.  

Der  Antei l  des in hochmolekula re  RNS-Verb indungeu  
e ingebauten  3-H-Uridins  an  der  Gesamtak t iv i t~ t  ~tndert 
sich m i t  zunehmenden  Incorpora t ionsze i ten :  nach  Kurz-  
zei ten bis zu e twa  2d be t r~gt  er lediglich bis zu 5%, u m  
anschliessend nach  Langze i ten  bis auf m a x i m a l  e twa  30}/0 
(nach 12 d) anzusteigen.  

Die vor l iegenden Ergebnisse  sprechen ffir einen intra-  
axonalen  Transpor t  sowohl yon R N S  (evtl. mi tochondr ia le  
IRNS ?) als auch yon deren n iedermolekularen  Vorstufen 
(evtl. Oligo- und Po lynukleo t ide  ?) mi t  unterschiedt ichen 
Geschwindigkei ten  yon  1,5 bzw. 50 mm/d ,  wie er bisher n u t  
fiir I6sliche bzw, S t ruk tu rp ro te ine  nachgewiesen wurde.  

Wei ter f f ihrende Unte r suchungen  hins icht l ich  einer Lo-  
kal isat ion und Spezif izierung beider  F rak t ionen  sind in 
Angriff  genommen  n. 

Summary. After  appl ica t ion  of 3-H uridine to one eye- 
ball,  an in t r aaxona l  f low of R N A  (1-3 mm/d)  and low- 
molecular  u r id ine-compounds  (30-50 ram/d) has been de- 
mons t r a t ed  in the  opt ic  t r ac t  of Scardinius erythrophtal- 
mus and Carassius carassius (Teleostei). 
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Uptake from Blood and Conjugation of Bil irubin 
Hepatectomized Rats 

A direct  t ransfer  of unconjuga ted  bi l i rubin f rom blood 
to the  bowel  lumen  across the  intes t inal  wall  has been re- 
por ted  in Gunn  rats  1, 2, in pa t ien ts  wi th  the  Cr igler -Naj jar  
syndrome  1 and in "Wistar ra ts  t r ea ted  wi th  c~-naphthytiso- 
thiocyanate3,  ~. On the  o ther  hand,  bo th  conjuga ted  and  
uncon juga ted  bi l i rubin m a y  be absorbed from the  gu t  lu- 
m e n  ~. E x p e r i m e n t s  pe r fo rmed  in Gunn  ra ts  indicated t h a t  

by the Intestinal Mucosa of Wistar, Gunn and 

at  least  in this m u t a n t  strain,  con juga ted  bi l i rubin was 
hydrol ized  p rev ious ly  to  absorpt ion,  e i ther  by  bacter ia l  
/?-glucuronidase or  by  intr insic fi-glucuronidase localized in 
the  intes t inal  mucosa  s. 

In  v i t ro  s tudies  seem to conf i rm t h a t  b idi rect ional  
t r anspor t  of uncon juga ted  bi t i rubin across the  in tes t ina l  
wal l  m a y  be accompl ished by  passive diffusion 7. I t  has 
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been  also descr ibed  b y  in v i t ro  e x p e r i m e n t s  t h a t  t he  in- 
t es t ina l  mncosa  is able to  fo rm g lucuronide  con juga tes  ~ 
inc luding  bi l i rubin  as a subs t r a t e  ~. F u r t h e r m o r e  glucu- 
ronide  syn thes i s  b y  t h e  in tes t ina l  mucosa  appea r s  to  be 
para l le l  to  t h e  l iver  c a pac i t y  a n d  w h e n  t h e  l a t t e r  is di-  
minished ,  as obse rved  in  G u n n  rats ,  def ic iency of t he  
former  has  been  also r e p o r t e d S  

In  the  p r e s e n t  work  it was  d e m o n s t r a t e d  tha t ,  w h e n  
u n c o n j u g a t e d  b i l i rubin  was  con t inuous ly  infused  i.v. t o  
ra ts ,  con juga t ed  b i l i rubin  was  a lways  d e t e c t e d  in t h e  in- 
t e s t ina l  mucosa.  In  W i s t a r  r a t s  sub jec t ed  to  t o t a l  hepa-  
t e c t o m y  af te r  de r iva t ion  of the  por t a l  blood to  t h e  femora l  
vein, we also observed  con juga ted  b i l i rubin  a f te r  infusion 
of t he  u n c o n j u g a t e d  p igmen t .  On t h e  con t ra ry ,  in t h e  in- 
t e s t ina l  mucosa  of Gunn  r a t s  t hus  perfused,  no con juga ted  
bi l i rubin  could be found.  

Methods.  The bile duc t  of Wis tar ,  he te rozygous  and  
homozygous  G u n n  ra t s  of b o t h  sexes was  cannu la t ed  w i t h  
po lye thy lene  t u b i n g  ( In t r amed ic  P E  50) u n d e r  e the r  
anes thes ia .  A second  c a t h e t e r  ( In t r amed ic  P E  10) was  
p laced  in to  t h e  femora l  ve in  a n d  t h e n  t h e  an imals  were  
ma in t a ined  in res t ra in ing  cages. A solut ion of uncon ju-  

ga ted  bi l i rubin  (Sigma Chemical  Co), 2 rag/100 g b o d y  
weight  was  admin i s t e r ed  i.v. fol lowed by  a con t inuous  
infusion of b i l i rubin  a t  a ra te  of 100 ~g/min  per  100 g 
b o d y  weight  for 70 min.  Bile was  col lected a t  10 min  in ter -  
vals and  t h e n  d i lu ted  w i t h  w a t e r  for d e t e r m i n a t i o n  of 
bi l i rubin c o n c e n t r a t i o n  x0. 

In  a n o t h e r  group  of W i s t a r  rats ,  a t h i rd  hepar in ized  
po lye thy lene  c a t h e t e r  (1 m m  in in te rna l  d i a me t e r  and  
13 cm in length)  was  f ixed,  one  end  in to  t he  r igh t  femora l  
vein  and  t h e  o the r  one, p rev ious  l apa ro tomy ,  in to  t h e  
por ta l  vein. The  l a t t e r  was  d i s ta l ly  d i rec ted  and  f ixed wi th  
2 l igatures whereas  t he  whole  hepa t i c  pedicle  including 
the  bile duc t  was l iga ted  close to  t he  liver. 

Tota l  h e p a t e c t o m y  was  pe r fo rmed  a f t e r  der iva t ion  of 
t he  por ta l  blood. U n c o n j u g a t e d  b i l i rubin  so lu t ion  (2 rag/ 
100 g body  weight)  was  in jec ted  i.v., fol lowed by  a con- 
t inuous  infusion of 5% glucose solution.  In  3 of these  ex- 
per iments ,  crys ta l l ine  x~C-bilirubin n w i th  a specific act i-  
v i t y  of 2,400 to  4,200 dpm/~tg was  in jec ted  5 rain a f t e r  
t h e  inject ion of the  unlabel led  p i g m e n t  in a t o t a l  dose  of 
200,000 to  400,000 dpm.  H e p a t e c t o m i z e d  ra t s  were killed 
a t  d i f ferent  t ime  in tervals  (Table II) .  I n  all the  ra t s  blood 
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Fig. 1. Relationship between serum bilirubin and bilirubin determined 
in skin homogenates of intact rats infused with uneonjugated biliru- 
bin. 4 g of skin with the hairs clipped off, were homogenized in 20 mI 
ptI 2.2 citric acid-phosphate buffer. 

Table I. Bilirubin determined in the intestinal mucosa as compared 
with Tm valucs in rats infused with unconjugated biliruhin 

Rats Liver Bilirubin determined in the 
capacity for intestinal mueosa 
bilirubin ex- 
cretion Azopiment B Concert- 
T= (~tg[100 g (%) tration 
body wt./min) of bilirubin 

(~tg/g) 

Wistar 77 46 6 

Wistar 86 64 23 

Wistar 84 78 12 

Heterozygous Gunn 39 I0 15 

Heterozygous Gunn 44 18 17 

Heterozygous Gunn 39 35 17 

Homozygous Gunn 0.8 0 12 

Homozygous Gunn 1.9 0 20 
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Fig. 2. Relationship between serum bilirubin and bilirubin determined 
in mucosal homogenates of intact rats infused with uneonjugated 
bilirubin. 500 mg of mucosa were homogenized in 2.5 ml pH 2.2 
c i t r i c  acid-phosphate buffer. 
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was  col lected a n d  dorsa l  sk in  as  wel l  as t h e  smal l  i n t e s t i ne  
were  r e m o v e d  a t  t h e  end  o f  t h e  e x p e r i m e n t .  T h e  i n t e s t i n a I  
c o n t e n t s  was  col lected b y  w a s h i n g  o u t  a n d  t h e  m u c o s a  was  
s t r i p p e d  b y  sc rap ing ,  b l o t t e d  d r y  a n d  weighed.  

T o t a l  b i l i r u b i n  was  d e t e r m i n e d  in  b i le  a n d  s e r u m  s a m -  
ples b y  d i azo reae t i on  z2 I t  was  m e a s u r e d  in  sk in  a n d  m u -  
cosa h o m o g e n a t e s  a n d  in t h e  i n t e s t i n a l  con t en t s ,  b y  a mo-  
d i f i ca t ion  of HARGREAVES' m e t h o d  xa, w i t h  t h e  use  of 
d i l u t ed  d i azo reac t i ve  1.. R a d i o a c t i v i t y  was  m e a s u r e d  ac- 
co rd ing  to  p r ev ious  m e t h o d s  x4. S e r u m  samples ,  i n t e s t i n a l  
c o n t e n t s  a n d  b o t h  skin  a n d  m u c o s a  h o m o g e n a t e s  were 
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Fig. 3. Relationship between conjugated bilirubin determined in mu- 
cosal and intestinal contents homogenates, of rats infused with un- 
conjugated bilirubin. 1 g of intestinal contents was homogenized in 
5 m l p H  2.2 citric acid-phosphate buffer. 

Table II. Determination of bilirubin concentration and proportion of 
azopigment 13 in the intestinal mueosa of untreated and hepatecto- 
mized Wistar rats. The latter received (2 mgjl00 g body wt) uneon- 
jugated bilirubin 

Rats Bitiruhin determined in the Duration 
intestinal mucosa of the 

experiment 
Concentration Azopiglnent B after 
of bilirubin (%) bilirubin 
(~glg) injection 

(ram) 

Untreated 0 0 
Untreated 0 35 
Untraeted 0 0 
Untreated 0 0 
Untreated 0 0 
Untreated 0 0 
Untreated 1.6 0 
Untreated 0 0 
Untreated 0 0 
Hepatectomized not measured 71 
Hepateetomized 10.8 31 
Hepatectomized 21.5 75 
Hepateetomized 8.2 43 
Hepateetomized 8.3 61 
Hepateetomized 25.0 9 
Hepatectomized 20.8 62 
Hepateetomized 7.2 11 
Hepateetomized not measured 43 
Hepateetomized. 15.0 54 

5 
7 

10 
10 
18 
25 

25 
25 
30 
40 

d iazot ized ,  c o n c e n t r a t e d  to  a s m a l l  v o l u m e  z~ a n d  chro-  
m a t o g r a p h e d  on  paperZL D e n s i t o m e t r y  of a z o p i g m e n t s  
was  t h e n  ca r r i ed  o u t  (Densicord,  542A, P h o t o v o l t ) .  I n  t h e  
e x p e r i m e n t s  where  r a d i o a c t i v e  b i l i r u b i n  was  a d m i n i s t e r e d ,  
s c a n n e r  of t h e  p a p e r  was  also p e r f o r m e d  (4~ Scanner ,  
T race r l ab ) .  C o n j u g a t e d  b i l i r u b i n  was ca l cu la t ed  f rom t o t a l  
b i l i r u b i n  va lues  a n d  t h e  p r o p o r t i o n  of a z o p i g m e n t  B on  t h e  
c h r o m a t o g r a m s .  

Results. T h e  resu l t s  showed  t h a t  w h e n  u n c o n j u g a t e d  
b i l i r u b i n  was  infused  in u n t r e a t e d  ra ts ,  a pos i t i ve  signifi-  
ca t ive  co r re l a t ion  was  f o u n d  b e t w e e n  c o n j u g a t e d  a n d  
u n c o n j u g a t e d  s e rum b i l i r u b i n  a n d  b o t h  fo rms  of p i g m e n t  
in  sk in  h o m o g e n a t e s  (F igure  1). No  co r r e l a t i on  was  f o u n d  
b e t w e e n  s e r u m  p i g m e n t s  a n d  those  p r e s e n t  in  t h e  i n t e s t i -  
n a l  m u c o s a  (F igure  2). I n  t h i s  l a t t e r ,  v a r i a b l e  a m o u n t s  of  
a z o p i g m e n t  B were  seen  in  co r r e spondence  w i t h  Tm va lues  
(Tab le  I). A pos i t ive  co r r e l a t i on  was  o b s e r v e d  b e t w e e n  
c o n j u g a t e d  b i l i r u b i n  of i n t e s t i n a l  m u c o s a  a n d  l u m e n  con-  
t e n t s  (Figure  3). I n  h e p a t e c t o m i z e d  r a t s  a z o p i g m e n t  13 
was  n o t  d e t e c t e d  in  s e r u m  samples  b u t  was  a lways  pre-  
s en t  in  t h e  i n t e s t i n a l  m u c o s a  (Table  I I ) .  Mesen te r i c  f a t  of 
h e p a t e c t o m i z e d  r a t s  c o n t a i n e d  on ly  a z o p i g m e n t  A, 
whereas  t h a t  of 2 r a t s  w i t h  b i le  d u c t  l iga t ion  c o n t a i n e d  
a z o p i g m e n t  A a n d  B. 

W h e n  r ad ioac t i ve  u n c o n j u g a t e d  b i l i r u b i n  was i n j ec t ed  
in  h e p a t e c t o m i z e d  ra t s ,  s c a n n e r  of  c h r o m a t o g r a m s  of in-  
t e s t i n a l  m u c o s a  r evea l ed  a p e a k  of r a d i o a c t i v i t y  c o i n c i d e n t  
w i t h  a z o p i g m e n t  B a n d  a s e c o n d a r y  p e a k  w i t h  a z o p i g m e n t  
A. A z o p i g m e n t  t3 spo t s  were  pooled ,  e l a t e d  f rom p a p e r  
a n d  r e c h r o m a t o g r a p h e d .  T h e  p e a k  of r a d i o a c t i v i t y  pre-  
s en t  in  a z o p i g m e n t  t3 was  r ep roduced .  W h e n  e l a t i on  was 
aga in  p e r f o r m e d  a n d  s u b m i t t e d  to  acid hyd ro lys i s  le for 
45 ra in  a n d  t h e n  c h r o m a t o g r a p h e d ,  70% of a z o p i g m e n t  A 
was  now d e t e c t e d  w i t h  m o s t  of t h e  r a d i o a c t i v i t y  p r e s e n t  
in  t h i s  area.  

I t  is conc luded  t h a t  s e r u m  u n c o n j u g a t e d  b i l i r ub in  can  
be  t a k e n  u p  a n d  t h e n  c o n j u g a t e d  b y  t h e  r a t  i n t e s t i n a l  
m u c o s a  in  v ivo .  I t  s t i l l  r e m a i n s  to  be  d e m o n s t r a t e d  
w h e t h e r  or  n o t  c o n j u g a t e d  b i l i r u b i n  m a y  b e  t r a n s f e r e d  
as  s u c h  to  t h e  g u t  l u m e n  1~ 

Resumen. Se in fund i6  b i l i x rub ina  no  c o n j u g a d a  en  t res  
g rupos  de r a t a s :  no rmales ,  t o t a l m e n t e  h e p a t e c t o m i z a d a s  
y G u n n  homoc igo tas ,  obse rv£ndose  la  apa r i c idn  de b i l i r ru-  
b i n a  c o n j u g a d a  en  la  n m c o s a  i n t e s t i n a l  de  los dos  p r ime-  
ros grupos.  Dichos  expe r imen tos ,  con f i rmados  con  el uso 
de bilirrubina-Z4C, d e m u e s t r a n  que  la  b i l i r r u b i n a  no  con-  
j u g a d a  s6rica p u e d e  ser  c a p t a d a  y c o n j u g a d a  po r  la  m u -  
cosa  i n t e s t i n a l  de  la  r a t a .  
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